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DATA MEASUREMENT METHODS AND
SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATION 5

This application claims the benefit of U.S. Provisional
Application No. 61/084,871 filed Jul. 30, 2008, hereby incor-
porated by reference.

10
BACKGROUND

Noise parameters typically include a set of values that
describe how the noise figure of a device varies with imped-
ance match. The noise parameters generally vary with condi- 15
tions associated with a device-under-test (DUT), such as fre-
quency, bias, or temperature. There are different forms of the
noise parameters, but generally may include a set of four (4)
scalar values. A commonly used set 1s:

1. Fmin=minimum noise FIG. 20

2. Gamma_opt magnitude=magnitude of gamma_opt, the
optimum source gamma that will produce Fmin

3. Gamma_opt phase=phase of gamma_opt, the optimum
source gamma that will produce Fmin

4. rn=equivalent noise resistance, which determines how 35
fast the noise figure will change as the source gamma moves
away from Gamma_opt.

With this set of noise parameters, the noise figure of the
device for any source impedance 1s then generally described
by the equation 30

F=Fmim+4*rn*|gamma_opt—gamma_ s 72/(|1+
gamma._opt| 2*(1-|gamma_ s[72))

Where

gamma_s=source reflection coelficient seen by the DUT 35

F=Noise figure

Other noise parameter forms include a correlation matrix
(of which there are multiple configurations), and a set with
torward and reverse noise used by the National Institute for
Standards and Technology (NIST). Generally, all of the noise 40
parameter forms contain the same basic information. So it
one form of the noise parameters 1s known, the noise param-
eters can be converted to any other form with a math formula.

Noise parameters are typically measured by measuring the
DUT under multiple impedance conditions, 1n a setup similar 45
to that shown 1n FIG. 1.

The traditional measurement method 1s to:

1. Make the preliminary system calibrations and measure-
ments, as needed. This typically includes calibrating the mea-
surement system s-parameters, including the tuner or tuners, 50
so that 1t can later be de-embedded from the DUT measure-
ments.

2. Calibrate the noise recerver parameters, so that the noise
receiver can later be de-embedded from the DUT measure-
ments. This 1s typically done per the flow diagram in F1G. 2 as 55
follows:

a. Measuring the data at one impedance state at a time until
one frequency 1s complete.

b. Go to the next frequency, and repeat step a. The set of
tuner states to be used for the noise receiver calibration will 60
typically vary from frequency to frequency. Usually, fre-
quency 1s the only sweep parameter used for the noise
receiver calibration, because other parameters that atiect the
DUT, such as DUT bias or DUT temperature, do not atfect the
noise receiver. 65

3. Measure the needed data with the DUT 1n place per the
flow diagram in FIG. 3, as follows:

2

a. Measure the needed data at one tuner state at a time until
the data collection 1s complete at one sweep parameter value,
such as frequency. From this, the noise parameters can be
determined for that sweep parameter value. Instead of fre-
quency, the sweep parameter can also be other conditions that
aifect the DUT performance, such as bias or temperature.

b. Repeat the measurement 1n step a for each sweep param-
cter value of interest. The set of tuner states to be used for the
DUT measurement will typically vary from one sweep
parameter value to the next, as the set of multiple source
impedances 1s typically determined independently at each
swept value.

A significant limitation of the prior art 1s the overall mea-
surement time. This can include setup time, tuner calibration,
system calibration, receiver calibration, as well as the DUT
measurement.

BRIEF DESCRIPTION OF THE DRAWINGS

Features and advantages of the disclosure will readily be
appreciated by persons skilled 1n the art from the following
detailed description when read in conjunction with the draw-
ing wherein:

FIG. 1 1s a schematic diagram 1llustrating a typical noise
parameter measurement setup.

FIG. 2 1s a simplified flow diagram of a noise receiver
calibration sequence.

FIG. 3 1s a simplified flow diagram of a DUT measurement
sequence.

FIG. 4 1s a cross section of mechanical tuner with a mis-
match probe that 1s a variable distance from the center con-
ductor.

FIG. 5 1s a simplified circuit diagram of a solid state tuner
with control elements connected to the main transmission
line.

FIG. 6 graphically illustrates an example of non-uniform
phase spacing displayed at one frequency.

FIG. 7 1s a flow diagram 1llustrating an exemplary noise
receiver calibration sequence.

FIG. 8 15 a flow diagram 1llustrating an alternate embodi-
ment of a swept measurement.

FIG. 9 1s a flow diagram illustrating an exemplary DUT
measurement sequence.

FIG. 10 1s a simplified circuit diagram of an exemplary
embodiment of a solid state tuner with sections of control
clements connected with couplers.

DETAILED DESCRIPTION

In the following detailed description and in the several
figures of the drawing, like elements are identified with like
reference numerals. The figures are not to scale, and relative
feature si1zes may be exaggerated for 1llustrative purposes.

Methods for measuring noise parameters are described that
are much faster than prior methods, and may significantly
speed up the overall measurement. This can include the sys-
tem calibration (including tuners), the noise receiver calibra-
tion, and the DUT measurement. Exemplary embodiments of
the new method can be used with, but are not limited to, the
same setup as was used with the prior art. The measurement
setup depicted 1 FIG. 1 for a device under test (DUT) 10
includes a noise source 52 connected to one port of RF switch
54. A network analyzer 70 1s connected to another port of the
RF switch. The RF switch is also connected through a bias T
56 to a port of impedance tuner 60. The RF switch can be set
to connect the network analyzer to the tuner, or the noise
source to be connected to the tuner. One port of the DUT 1s
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connected to a second port of the tuner 60. A second bias T 58
1s connected to a second port of the DUT. The bias system 62
1s connected to the bias Ts 56 and 58. An RF switch 64 is
connected between the network analyzer 70, the bias T 58 and
a noise recerver or noise figure analyzer 72, with the switch
allowing signals from the bias T 58 to be passed to the net-
work analyzer 70 or the noise figure analyzer 72.

In an exemplary embodiment, a set ol impedance tuner
states may be selected, that can be used over multiple values
of the swept parameter (such as frequency or bias). The
needed data 1s then collected over the needed range of the
sweep parameter at one tuner state at a time. When the data 1s
collected as a function of the sweep parameter for every
selected tuner state, then the noise parameters may be deter-
mined for each value of the sweep parameter.

For example, 11 16 impedance states are selected, and the
sweep parameter 1s frequency, then a swept frequency mea-
surement would be made at one impedance state at a time,
until all 16 impedance states are completed. This can be much
faster than making a single frequency measurement at each of
16 states, and then repeating that for every frequency.

The advantages of this method 1nclude

1. The impedance tuner needs only to be set to each state
once, rather than moving to every selected state separately at
every value of the sweep parameter.

2. Modern instruments tend to measure data much faster in
a single sweep than measuring the points 1n the sweep one at
a time.

3. Overall, this method can be much faster than a conven-
tional method. A speed improvement of over 10 times has
been demonstrated 1n an exemplary embodiment.

In accordance with an exemplary non-limiting embodi-
ment, a method of selecting impedance tuner states mncludes
using a fixed set of states for multiple values of a sweep
parameter such as frequency or bias. This does not preclude
using a separate set of tuner states for different bands of the
sweep parameter. For example, many mechanical tuners use
different mismatch probes for different frequency bands. In
an implementation in which a mechanical tuner 1s used as the
impedance tuner, a tuner state may correspond to one
mechanical setting of the tuner. Further, the tuner may be
provided with a means to vary reflection magnitude and phase
with some degree of independence. The magnitude control
has a particular response versus the tuner state, and that
response versus the tuner state 1s measured. Then that mea-
sured response versus the tuner state may be used to auto-
matically select magnitude control values that give a desired
spread of points.

An exemplary embodiment uses a mechanical slide screw
tuner with a mismatch probe, as shown 1n FIG. 4. The mag-
nitude control 1s obtaimned by varying the distance of the
mismatch probe to the tuner center conductor. The mismatch
probe can be measured versus its position at approximately its
center frequency. For many mismatch probe designs, select-
ing a satisfactory set of probe positions for that approximate
center frequency will generally produce a satistactory retlec-
tion coelilicient magnitude spread across the operating band
of that mismatch probe. This can work even when the mis-
match probe position also affects phase to some extent. (In
practice, the phase change of most mismatch probes as a
function of position 1s less than 180 degrees.) Methods of
selecting the approximate or nominal center frequency
include, but are not limited to, selecting 1t based on knowl-
edge of the mismatch probe design, or by measuring the
mismatch as a function of frequency and selecting the ire-
quency with the highest mismatch. This method of selecting
probe positions can generally be adapted to any type of mis-
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match probe, although some types might require measuring
versus position at more than one frequency point.

Another exemplary embodiment employs a solid state
tuner, using control elements such as PIN diodes or transis-
tors, as shown 1n FIG. 5. One control value, such as the current
drive of one control element can be used as the magnitude
control, and another control value, such as the selection of
which control element to drive, can be used for phase control.
Other varnations, such as using switched lines to change
phase, could also be used.

In a further exemplary embodiment, the impedance tuner
states may be selected for phase steps that are non-uniform.
This means that at any particular frequency, the phase step
from one phase position to the next will change as one moves
through the list of phase positions. One reason 1s to ensure
that the phase positions stay separated 1n the impedance plane
(or on a Smith chart) over the desired frequency range. An
exemplary embodiment 1s to use a mechanical slide screw
tuner and select carriage positions with logarithmic spacing.
FIG. 6 shows a Smith chart with this type of phase spacing.

In still another exemplary embodiment, the impedance
tuner states may be selected for phase steps that are non-
uniform and the amount of non-uniformity in the spacing can
vary. The variation could be user selectable, or 1t may depend
on some setup detail, or some setup parameter such as the
total desired bandwidth to cover. For example, as the band-
width of the sweep parameter 1s widened, then the phase step
will change more rapidly as one moves through the list of
phase positions. In that example, as the bandwidth of the
sweep parameter 1s narrowed, then the phase step will change
more slowly as one moves through the list of phase positions.
In the extreme case where the sweep consists of only 1 point
(the bandwidth goes to zero), then the non-uniformity could
g0 to zero, producing uniform phase steps.

In a further exemplary embodiment, a method of calibrat-
Ing or measuring parameters of a noise recerver 1s provided,
where the data 1s measured versus a sweep parameter for one
tuner state at a time. This sequence 1s diagrammed 1n FIG. 7.
An example of a typical sweep parameter could be frequency.
It 1s noted the 1nside loop taking the data may not necessarily
be done 1n the application software; the software could just
trigger a measurement on the mstrument and collect the data
for the entire sweep at one time, as illustrated 1n FIG. 8. The
tuner states may be selected using any of the methods
described above.

In yet another exemplary embodiment, a method of mea-
suring data for noise parameters 1s provided, where the data 1s
measured as a function of a sweep parameter for one tuner
state at a time. This sequence 1s diagrammed 1n FIG. 9.
Examples of typical sweep parameters include frequency or
bias. It 1s noted that the inside loop taking the data may not
necessarily be done 1n the application soitware; the software
may trigger a measurement on the mstrument and collect the
data for the entire sweep at one time, as diagrammed 1n FIG.
8. The tuner states may be selected using any of the methods
as described above.

Another exemplary embodiment 1s a method of measuring
data needed for noise parameters, where the data 1s measured
as a function of a sweep parameter for one tuner state at a
time, and at least one tuner 1n the setup 1s a mechanical tuner.
This sequence 1s diagrammed 1n FIG. 9. Examples of typical
sweep parameters include frequency or bias. It 1s noted that
the mside loop taking the data may not necessarily be done in
the application software; the software could trigger a mea-
surement on the mstrument and collect the data for the entire
sweep at one time, as illustrated 1n FIG. 8. The tuner states
may be selected using any of the methods as described above.
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A further exemplary embodiment 1s a method of measuring
data needed for noise parameters, where the data 1s measured
as a Tunction of a sweep parameter for one tuner state at a

time, and at least one tuner 1n the setup 1s a solid state tuner.
The solid state tuner may be one of two types. The first type
has one control that mostly controls reflection magmtude, and
another control that mostly controls phase. An example is one
that mostly controls magnitude with DC current drive through
a control element (typically a PIN diode or transistor), and
mostly controls phase by the selection of the control element.
This example of a solid state tuner 1s 1llustrated 1n, although
not limited to, the configuration of FIG. 5. The second type of
solid state tuner 1s the type where sections of control elements
are connected using couplers, as shown 1n, although not lim-
ited to, the configuration of FIG. 10. An exemplary sequence
for this embodiment 1s illustrated 1 FIG. 9. Examples of
typical sweep parameters include frequency or bias. It 1s
noted that the 1inside loop taking the data may not necessarily
be done 1n the application software; the software could alter-
natively trigger a measurement on the mstrument and collect
the data for the entire sweep at one time, as illustrated 1n FIG.
8. The tuner states may be selected using any of the methods
as described above.

Another exemplary embodiment 1s a method of measuring
data other than noise as a function of a sweep parameter for
one tuner state at a time. The tuner states may be selected
using any of the methods as described above.

In many cases, the measurement setup may use an 1mped-
ance tuner (or tuners) with different mismatch probes for
different frequency bands of operation. In that example, with
frequency as the sweep parameter, this method may have to be
applied band by band, but the benetit of the new method 1s still
very significant within each band.

An aspect of a measurement method 1s the selection of
tuner states to produce a satisfactory set ol impedances at
every sweep value, such as frequency. This method also sig-
nificantly speeds up the calibration of the tuners and recerver.

An exemplary process for selecting tuner states i1s as fol-
lows. This exemplary procedure 1s for a mechanical tuner
where magnitude 1s primarily controlled by the vertical posi-
tion of the mismatch probe, and the horizontal movement of
the carriage primarily affects phase. This exemplary proce-
dure ensures that a good spread of impedances will be avail-
able at every frequency 1n the measurement band.

1. Decide on the number of magmtude values and the
number of phase values to use.

2. Select a set of probe positions as follows:

a. Determine the probe response vs. position by measuring,
the reflection magnitude vs. mismatch probe position. (Other
approaches could also be used. For example, a known
response of a standard probe model could be used.)

b. From the mismatch probe response vs. position, select a
set of positions that will give a reasonable reflection magni-
tude spread of the desired number of points over the available
reflection magnitude range of the mismatch probe. This set
could have uniform magnitude steps between probe posi-
tions, although that 1s not required.

3. Select a set of carrniage positions that will give a reason-
able phase spread at every frequency 1n the band, as follows:

a. Determine the travel length of the carriage intended to be
used. An exemplary travel length 1s approximately one-half
wavelength at the lowest frequency in the band, less the length
that gives the desired phase step from the last point to the first
point. Exactly one half wavelength of travel would cause the
last point to duplicate the phase of the first point because of
the circular property of phase.
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b. Select a set of carriage positions with variable spacing
that covers the actual travel length. For example, the physical
spacing, or gap, between points 2 and 3 will be greater than
between points 1 and 2. The gap between points 3 and 4 will
be greater than between points 2 and 3. In like manner, pro-
ceeding from the first to the last point, the gap between any
two points will be greater than any previous gap between two
points. The distance from the first to the last point s the actual
travel length.

¢. Uniform spacing will give a good phase spread at one
frequency, but may not work over a wide frequency band
since the phase rotates faster with frequency for carriage
positions farther from the DU, causing the phases to overlap
as the frequency changes.

4. Select the set of complete tuner states, consisting of all
combinations of the previously determined sets of carriage
positions and mismatch probe positions. In addition, add in
the z0 state (typically the 50 Ohm state for coaxial tuners).
The total number of states=(number of carriage positions)x
(number of probe positions)+1.

This method has been described 1n conjunction with noise
parameter measurements, but changing the measurement
order to sweep as a function of some parameter at each imped-
ance state and then determining and/or displaying the results
at the end could also apply to other measurements, such as
load pull of non-linear devices. The swept parameter could be
any parameter supported by the load pull system.

Conventional noise parameter measurement setups nor-
mally use soitware to automate the measurement, including
control of the instruments, collection of the data, and per-
forming the required calculations. The software typically
runs on a computer that 1s connected to the measurement
instrumentation through one or more 1nterfaces, such as the
GPIB ntertace.

An exemplary implementation of a new measurement
method as described above 1s to automate 1t using algorithms
implemented 1n software. The software will control the test
setup and measuring instruments, collect the required data,
and then do all of the required calculations. The software may
be 1nstalled on a stand-alone computer which 1s connected to
the measuring instruments through one or more intertaces,
such as the GPIB interface. The software can also be 1nstalled
into modern mstruments that contain appropriate computer
hardware. For example, an exemplary software implementa-
tion was 1nstalled into an Agilent PNA-X (model N5242A),
which 1s an 1instrument that combines a network analyzer, a
noise recerver, RE switches, bias tees and a computer into one
box. In a general sense, then, the software algorithms may be
considered installed on the test setup on either a stand-alone
computer or into a measuring instrument of the test setup.

Although the foregoing has been a description and 1llus-
tration of specific embodiments of the subject matter, various
modifications and changes thereto can be made by persons
skilled in the art without departing from the scope and spirit of
the mvention.

What 1s claimed 1s:

1. A method of measuring data for noise parameters in a test
setup including an impedance tuner, comprising:

(1) setting a tuner state to one of a set of tuner states;

(1) setting a sweep parameter to a value in a set of multiple

sweep parameter values;

(111) measuring data at said tuner state and sweep parameter
value:

(1v) repeating steps (11) and (i11) for a different sweep
parameter value in said set of multiple sweep parameter
values until data has been measured for all sweep param-
eter values 1n said set;
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(v) changing the tuner state to another of said tuner states 1in
said set of tuner states:

(v1) repeating steps (11), (111), (1v) and (v) until data has been
measured for each of said tuner states 1n said set of tuner
states,

wherein the data 1s measured as a function of the sweep

parameter for said set of parameter values for one tuner
state at a time.

2. The method of claim 1, wherein said sweep parameter 1s
frequency.

3. The method of claim 1, wherein said sweep parameter 1s
bias applied to a device under test.

4. The method of claim 1, wherein the impedance tuner 1s
a mechanical tuner, and each tuner state 1n said set of tuner
states corresponds to one mechanical setting of said mechani-
cal tuner.

5. The method of claim 1, further comprising;

selecting said set of tuner states to vary retlection magni-

tude and phase, to produce a set of impedances at every
sweep parameter value such that reflection magnitude
and phase positions corresponding to the different tuner
states are separated 1 an impedance plane at every
sweep parameter value.

6. The method of claim 5, wherein the impedance tuner 1s
a mechanical slide screw tuner with a mismatch probe and a
tuner center conductor, and said tuner states include a set of
tuner states with the mismatch probe positioned at various
distances from the center conductor, each set having a differ-
ent impedance magnitude.

7. The method of claim 6, wherein the sweep parameter 1s
frequency, and each of said set of tuner states 1s selected at a
probe position for an approximate center frequency of the
mismatch probe to produce a satisfactory reflection coetii-
cient magnitude spread of points over an operating frequency
band of the mismatch probe.

8. The method of claim 5, wherein said tuner 1s a solid state
tuner, using a plurality of solid state control elements, and
wherein a first control parameter value 1s primarily used for a
magnitude control, and a second control parameter value 1s
primarily used for a phase control.

9. The method of claim 8, wherein the first control param-
eter 1s the current drive of one control element, and the second
control parameter 1s a selection of which of said plurality of
solid state control elements to drive.

10. The method of claim 8 wherein sections of said control
clements are connected by couplers.

11. The method of claim 5, wherein the tuner states are
selected for phase steps that are non-umiform.

12. The method of claim 11, wherein the method 1s prac-
ticed using a mechanical slide screw tuner and carriage posi-
tions are selected with logarithmic spacing.

13. The method of claim 1, wherein the tuner states are
selected for phase steps that are non-uniform.

14. The method of claim 13, wherein the non-uniformity 1n
the phase step spacing varies with frequency bandwidth.

15. The method of claim 1, wherein the test setup includes
a noise recerver or analyzer, and said data for noise param-
eters 1s collected for calibrating or measuring parameters of
the noise receiver or analyzer.

16. The method of claim 1, wherein the test setup further
includes a noise recerver or analyzer, further comprising:

using the measured data to determine noise parameters of a

device under test.

17. An automated test setup, wherein the method of claim
1 1s implemented by computer software algorithms installed
on the test setup.
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18. A method of measuring data for noise parameters 1n a
test setup 1including an impedance tuner, comprising:

(1) setting a tuner state to one of a set of tuner states;

(1) setting a sweep parameter to a value 1n a set of multiple

sweep parameter values;

(111) measuring data at said tuner state and sweep parameter
value:

(1v) repeating steps (1) and (i11) for a different sweep
parameter value in said set of multiple sweep parameter
values until data has been measured for all sweep param-
eter values 1n said set;

(v) changing the tuner state to another of said tuner states in
said set of tuner states;

(v1) repeating steps (1), (111), (1v) and (v) until data has been
measured for each of said tuner states 1n said set of tuner
states,

wherein the data 1s measured as a function of the sweep
parameter for said set of parameter values for one tuner
state at a time; and

where the tuner includes means for varying retlection mag-
nitude and phase with some degree of independence,
said means for varying has a particular response as a
function of the tuner state, the method further comprises
selecting said set of tuner states, and said selecting step
COMprises:

measuring the response of the magnitude means for vary-
ing as a function of the tuner state;

using said measured response as a function of tuner state to
select magnitude control values that give a desired
spread of points.

19. The method of claim 18, wherein said sweep parameter

1s frequency.

20. The method of claim 18, wherein said sweep parameter
1s bias applied to a device under test.

21. The method of claim 18, wherein the impedance tuner
1s a mechanical tuner with a center conductor and a mismatch
probe, and the means for varying reflection magnitude com-
prises a mismatch probe whose distance from the center con-
ductor can be varied.

22. The method of claim 18, further comprising:

selecting said set of tuner states to vary retlection magni-
tude and phase, to produce a set of impedances at every
sweep parameter value such that reflection magnitude
and phase positions corresponding to the different tuner
states are separated 1 an impedance plane at every
sweep parameter value.

23. The method of claim 22, wherein the impedance tuner
1s a mechanical slide screw tuner with a mismatch probe and
a tuner center conductor, and said tuner states include a set of
tuner states with the mismatch probe positioned at various
distances from the center conductor, each set having a differ-
ent impedance magnitude.

24. The method of claim 23, wherein the sweep parameter
1s frequency, and each of said set of tuner states 1s selected at
a probe position for an approximate center frequency of the
mismatch probe to produce a satistactory retlection coetfi-
cient magnitude spread of points over an operating frequency
band of the mismatch probe.

25. The method of claim 22, wherein said tuner 1s a solid
state tuner, using a plurality of solid state control elements,
and wherein a first control parameter value 1s primarily used
for amagmtude control, and a second control parameter value
1s primarily used for a phase control.

26. The method of claim 25, wherein the first control
parameter 1s the current drive of one control element, and the
second control parameter 1s a selection of which of said
plurality of solid state control elements to drive.
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27. The method of claim 25 wherein sections of said con-
trol elements are connected by couplers.

28. The method of claim 22, wherein the tuner states are
selected for phase steps that are non-uniform.

29. The method of claim 28, wherein the method 1s prac-
ticed using a mechanical slide screw tuner and carriage posi-
tions are selected with logarithmic spacing.

30. The method of claim 18, wherein the tuner states are
selected for phase steps that are non-umiform.

31. The method of claim 30, wherein the non-uniformity in
the phase step spacing varies with frequency bandwidth.

32. The method of claim 18, wherein the test setup includes
a noise recerver or analyzer, and said data for noise param-
eters 1s collected for calibrating or measuring parameters of
the noise recetver or analyzer.

33. The method of claim 18, wherein the test setup further
includes a noise recerver or analyzer, further comprising:

using the measured data to determine noise parameters of a

device under test.

34. An automated test setup, wherein the method of claim
18 1s implemented by computer software algorithms installed
on the test setup.

35. The method of claim 18, wherein said data for noise
parameters include data suflicient to determine the noise fig-
ure F of a device under test.

36. The method of claim 18, wherein said data 1s sutficient
to determine a set of noise parameters, including:

Fmin=minimum noise figure;

Gamma_opt magnitude=magnitude of gamma_opt, the

optimum source gamma that will produce Fmin;

Gamma_opt phase=phase of gamma_opt, the optimum

source gamma that will produce Fmin;

rn=equivalent noise resistance, which determines how fast

the noise figure will change as the source gamma moves

away from Gamma_opt.

37. A method of measuring data for noise parameters 1n a

test setup 1including an impedance tuner, comprising:

(1) setting a tuner state to one of a set of tuner states;

(11) setting a sweep parameter to a value 1n a set of multiple
sweep parameter values;

(111) measuring data at said tuner state and sweep parameter
value;
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(1v) repeating steps (1) and (111) for a different sweep
parameter value in said set of multiple sweep parameter
values until data has been measured for all sweep param-
eter values 1n said set;

(v) changing the tuner state to another of said tuner states in
said set of tuner states;

(v1) repeating steps (11), (111), (1v) and (v) until data has been
measured for each of said tuner states 1n said set of tuner
states,

wherein the data 1s measured as a function of the sweep
parameter for said set of parameter values for one tuner
state at a time; and

wherein said data for noise parameters include data suffi-
cient to determine the noise figure F of a device under
test.

38. A method of measuring data for noise parameters 1n a

test setup mcluding an impedance tuner, comprising:

(1) setting a tuner state to one of a set of tuner states;

(1) setting a sweep parameter to a value in a set of multiple
sweep parameter values;

(111) measuring data at said tuner state and sweep parameter
value:

(1v) repeating steps (1) and (111) for a different sweep
parameter value in said set of multiple sweep parameter
values until data has been measured for all sweep param-
eter values 1n said set;

(v) changing the tuner state to another of said tuner states in
sald set of tuner states;

(v1) repeating steps (11), (111), (1v) and (v) until data has been
measured for each of said tuner states 1n said set of tuner
states,

wherein the data 1s measured as a function of the sweep
parameter for said set of parameter values for one tuner
state at a time; and

wherein said data 1s suflicient to determine a set of noise

parameters, mcluding;:

Fmin=minimum noise figure;

Gamma_opt magmtude=magnitude of gamma_opt, the
optimum source gamma that will produce Fmin;

Gamma_opt phase=phase of gamma_opt, the optimum
source gamma that will produce Fmin;

rn=cquivalent noise resistance, which determines how fast
the noise figure will change as the source gamma moves
away from Gamma_opt.
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